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ABSTRACT 



A method of, and means for, controlling the manufac- 
ture of a winding for an inductive apparatus, for exam- 
ple a transformer winding or a reactor winding, which 
winding is of the kind comprising a plurality of turns of 
a sheet composed of an electrically conductive metallic 
foil and an electrically insulating film on each side of the 
metallic foil. During the winding of the sheet, the metal- 
lic foil together with the insulating films is passed 
through at least one electrode device which comprises 
at least two rolls arranged one on each side of the sheet 
and having a different voltage compared with the me- 
tallic foil. At the electrode device, the insulating films 
are pressed with a certain pressure against the metallic 
foil across the entire width of the latter by means of the 
rolls, and the electrical insulation of both sides of the 
sheet is checked by separately sensing the leakage cur- 
rent which via each of the roils passes through the 
respective insulating film. 

10 Claims, 5 Drawing Figures 
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METHOD AND MEANS FOR CONTROLLING THE 
MANUFACTURE OF WINDINGS FOR INDUCTIVE 

APPARATUS 

5 

TECHNICAL FIELD 

This invention relates to a method of, and means for, 
controlling the manufacture of a winding of an induc- 
tive apparatus, for example a transformer winding or a 
reactor winding, which winding is of the kind compris- 10 
ing a plurality of turns of a sheet composed of an electri- 
cally conductive metallic foil and an electrically insulat- 
ing film on each side of said metallic foil. For the sake 
of simplicity in the ensuing description, such windings 
will be referred to as sheet windings. 15 

In the manufacture of a sheet winding in a workshop 
environment, it is impossible in practice to prevent 
small metallic particles, for example small particles of 
iron, copper and aluminum, entering the winding from 
the surroundings. Such particles, which frequently 20 
occur in a workshop environment, often have sharp 
edges and therefore they may damage the insulating 
films, and if they are sufficiently large they may cut 
through the insulating films so that a short-circuit be- 
• tween turns of the conductive metallic foil may arise 25 
instantaneously or after a certain time of operation of 
the winding. Since such damage may be caused by very 
small particles, for example of an order of size corre- 
sponding to the thickness of the insulating films (which 
may be considerably below 0, 1 mm), it is very difficult 30 
in practice or would in any case require the installation 
of extremely costly cleaning plant to prevent the wind- 
ing from being damaged by metallic particles. A turn 
short-circuit may also occur as a result of burrs on the 
conductive metallic foil or defects in the insulating 35 
films. 

In view of the fact that a sheet winding for a large 
power transformer represents substantial costs in mate- 
rial and work, it is hardly defensible from an economic 
point of view, having regard to the above-mentioned 40 
risks of insulation damage during manufacture, to wait 
until the manufacture of a winding is finished before it is 
voltage-tested. 

BACKGROUND ART 45 

It is previously known to voltage-test an electrically 
insulating film by passing it between two rolls which are 
under voltage with respect to each other and which are 
urged with a certain force towards each other (see Ger- 
man Offenlegungsschrift No. 2438094). However, when 50 
it is a question of an insulated metallic foil for a sheet 
winding, it is not sufficient only to test the insulating 
films, since an insulating film which is perfect per se 
may become damaged during the winding process by 
particles or burrs on the metallic foil cutting through 55 
the insulating films. 

The present invention aims to provide a method of, 
and means for, controlling the manufacture of a sheet 
winding of the kind referred to, in which insulation 
faults, if any, may be detected and be repaired at the 60 
time of winding. The invention also aims to provide 
such a method, or means, which can be employed with 
relatively wide conductive metallic foils without the 
uncertainty factors associated with prior art methods. 

DISCLOSURE OF THE INVENTION 65 

According to one aspect of the invention, a method 
of controlling the manufacture of a winding for an in- 
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ductive apparatus, which winding is of the kind com- 
prising a plurality of turns of a sheet composed of an 
electrically conductive metallic foil and an electrically 
insulating film on each side of said metallic foil, com- 
prises the steps, effected during the winding process, of 
passing said metallic foil together with said insulating 
films through at least one electrode device comprising 
at least two rolls arranged one on each side of said sheet 
and having a different voltage compared with said foil, 
pressing said insulating films with a certain pressure 
against said metallic foil across the entire width of said 
foil by means of said rolls, and checking the electrical 
insulation of both sides of said sheet by separately sens- 
ing the leakage current which via each of said rolls 
passes through the respective insulating film. 

In the method in accordance with the invention it is 
important that the insulation of the metallic foil is pro- 
vided by an insulating film on each side of the foil, since 
in this way both sides of the foil, as well as the insulating 
films, can be tested separately. Preferably, the conduc- 
tive metallic foil is grounded and voltage is applied to 
each of said rolls. 

The voltage testing is suitably carried out using direct 
voltage, since in that case the stationary leakage cur- 
rents through the insulating films are negligible in rela- 
tion to the current which appears in the event of a fault 
in the insulation of the sheet. Such a fault can therefore 
be detected more easily than if the testing were carried 
out using alternating voltage. Again, because of the 
relatively large capacitance between a respective roll 
under voltage and the conductive foil, a relatively large 
stationary displacement current will flow in the test 
circuit if alternating voltage is used for the testing, 
which renders the fault detection more difficult. 

To bring about an even pressure across the entire 
width of the sheet at the electrode device, one of the 
rolls of the latter may be very flexible and have a con- 
siderably smaller diameter than the other roll, which in 
its turn functions as a supporting roll for the flexible 
roll. Both the flexible roll and the supporting roll have 
relatively hard surfaces and the flexible roll may be 
pressed against the sheet by a plurality of coaxially 
arranged, short supporting rollers. Another possibility 
is to use two separate roll pairs for testing both sides of 
the sheet, in which case the roll which is under voltage 
in each roll pair may be made of metallic material, for 
example steel, whereas the other roll may be made of, or 
comprise a layer of, electrically insulating, elastomeric 
material, for example rubber or the like. 

The conductive metallic foil used in the manufacture 
of a winding of the kind with which this invention is 
concerned may be an aluminum foil having a thickness 
preferably of from about 0.05 mm to about 3 mm. The 
insulating films may with advantage consist of polymer 
films, suitable polymers being polyethylene glycol tere- 
phthalate, cellulose acetate, a polycarbonate, a poly- 
imide or a polyamide. 

According to a further aspect of the invention, means 
for carrying out the method in accordance with the 
invention comprises at least one electrode device hav- 
ing at least two rolls arranged one on each side of said 
sheet, means pressing at least one of said rolls against 
said sheet with a certain pressure across the entire width 
of said sheet, a voltage source for establishing a voltage 
difference between said rolls and said conductive metal- 
lic foil, members for sensing a leakage current, if any, 
which via each of said rolls passes through the respec- 
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tive insulating film, and members for temporarily inter* 
rupting the winding process to enable strengthening of 
the insulation if the leakage current exceeds a predeter- 
mined value. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

The invention will now be described, by way of ex- 
ample, with reference to the accompanying drawings, 
in which: 

FIG. 1 is a schematic side view of one embodiment of 10 
means for carrying out the method in accordance with 
the invention, 

FIG. 2 is a view similar to FIG. 1 of a modified em- 
bodiment of means for carrying out the method in ac- 
cordance with the invention, 15 

FIG. 3 is an end view, on an enlarged scale, of a roll 
pair forming part of the means of FIG. 1 or 2, 

FIG. 4 is a sectional side view, on an enlarged scale, 
corresponding to FIG. 3, and 

FIG. 5 is a schematic side view of a further embodi- 20 
ment of means for carrying out the method in accor- 
dance with the invention. 



DESCRIPTION OF PREFERRED 
EMBODIMENTS 



25 



FIG. 1 shows a conductive metallic foil 1, for exam- 
ple of aluminum or copper, proceeding from a storage 
roll (not shown) in the direction of the arrow A, which 
foil is being coated with electrically insulating films 2, 3, 
one on each side of the foil 1. The insulating films 2,3 30 
may possibly be secured to the foil 1, for example by 
glueing, but they may be applied to the foil without 
employing an intermediate binder. The conductive foil 
with the insulating films forms an electrically insulated 
sheet 4 which is wound up on a supporting cylinder 5 to 35 
form a sheet winding 6, which is intended to constitute 
the winding of a transformer. The metallic foil 1 may 
have a thickness of, for example, about 0.5 mm and a 
width of, for example, about 1.5 m. The insulating films 
2, 3 may have a thickness of, for example, about 0.05 40 
mm and should be somewhat wider than the metallic 
foil 1 so as to extend outside the edges of the metallic 
foil, thus preventing electrical flash-overs along the 
edges of the winding. 

During the winding process the conductive foil 1 is 45 
grounded, and, after the insulating films 2, 3 have been 
applied, the sheet 4 is conducted through two electrode 
devices which are under voltage and are arranged in 
spaced-apart relationship along the path of travel of the 
sheet 4. These electrode devices each comprise two 50 
rolls la, Sa and lb. Sb, respectively, the rolls of each 
pair being arranged on opposite sides of the sheet 4. One 
roll la and lb, respectively, in each roll pair is very 
flexible, and it is influenced by a device, which will be 
described hereinafter in greater detail with reference to 55 
FIGS. 3 and 4, in such a way that it will make contact 
with the sheet 4 with a pressure which is uniform across 
the entire width of the sheet The other roll Sa and Sb, 
respectively, in each roll pair has a considerably larger 
diameter than the flexible roll and acts as a supporting 60 
roll. The diameter of each of the flexible rolls la, lb 
may be, for example, about 10 nrm, whereas the diame- 
ter of each of the supporting rolls Sa, Sb may be, for 
example, about 200 mm. Both the rolls in each roll pair 
have a relatively hard surface. 65 

When the insulated sheet 4 is passed through the first 
electrode device la, Sa, the insulating capacity of the 
films 2, 3 is checked by sensing the leakage current 



which, via each of the rolls la, Sa, passes through the 
respective insulating film. If a fault reduces the insulat- 
ing capacity at a point on either side of the sheet 4, a 
relay (not shown) is arranged to arrest the forward 
motion of the sheet 4 in such a way that the fault point 
will be located in the region between the two electrode 
devices at a predetermined distance from the roll pair 
la, So. When the sheet 4 has been brought to rest, a strip 
of insulating film, which extends across the entire width 
of the sheet 4, is applied to that side of the sheet 4 where 
the fault has been detected. Thus, the fault does not 
have to be seen, and the application of the strip of insu- 
lating film may be effected entirely automatically. 
Thereafter, the winding process continues, and a re- 
newed voltage testing is carried out at the roll pair lb, 
86. Thus, with this arrangement it is not necessary to 
reverse the direction of travel of the sheet 4 in order to 
repair an insulation fault. 

The two rolls in each roll pair are suitably given the 
same potential but should be connected to separate 
current sensing members, since it is desired to be able to 
determine directly on which side of the sheet 4 a possi- 
ble insulation fault is located. However, with the em- 
bodiment according to FIG. 1 it may be difficult to 
make this determination with certainty, since metallic 
contact may easily occur between the rolls at their end 
portions. This is due to the rolls normally being longer 
than the width of the sheet 4 and to the sheet having a 
small thickness. This drawback is avoided by the em- 
bodiment according to FIG. 2, in which each electrode 
device comprises two roll pairs 9a, 10a; 11a, 12a and 9b, 
10b; lib, 12b, respectively, in which only one roll 10a, 
12a and 10b, 126, respectively, in each roll pair is sub- 
jected to voltage, whereas the other roll 9a, 11a and 9b, 
lib, respectively, in an insulated roll. FIG. 2 also shows 
a test voltage generator 13 and current sensing members 
14a-14d. The voltage connection to the different rolls 
takes place via spring-loaded carbon brushes. 

FIGS. 3 and 4 show one possible embodiment of a 
roll pair for use in the means of FIG. 1 or FIG. 2 for 
achieving a uniform pressure across the width of the 
sheet 4, the two rolls of the roll pair being designated by 
the numerals 11a and 12a, respectively. In the roll pair 
shown in FIGS. 3 and 4, a large number of coaxially 
arranged rollers 15, for example thirty such rollers, are 
evenly distributed along the roll 11a. Each roller 15 is 
journalled on an arm 16 (FIG. 4) which at one end is 
pivotally mounted on a stand 17 and at the other end is 
connected to a pneumatic cylinder 18. Compressed air 
supplied to the cylinders 18 via respective conduits 19 
results in each of the rollers 15 being pressed with a 
force F against the flexible roll 11a, which will then 
make contact with the sheet 4 with a pressure which is 
substantially uniform across the entire width of the 
sheet 4. The roll 11a is held in position by pairs of sup- 
porting rollers 20, 21, journalled on the stand 17, the 
rollers of each pair being diametrically arranged with 
respect to their associated roller 15. In principle, the roll 
11a need not be journalled at its ends. However, it may 
be practical to provide the roll 11a with such support, 
which, however, is designed in such a way that radial 
movement of the roll 11a towards the supporting roll 
12a is not prevented. 

In the embodiment shown in FIG. 5, a metallic foil 1 
proceeds in the direction of the arrow A from a storage 
roller 22, and two electrically insulating films 2, 3 pro- 
ceed from storage rollers 23 and 24, respectively, 
towards the foil 1 on opposite sides of the latter. In a 
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first control station comprising two roll pairs 9q, 10a 
and 11a 12a, respectively, the insulating films 2, 3 are 
voltage-tested separately while being pressed with a 
certain force against the surfaces of the metallic foil 1. 
One roll 10a and 12a, respectively, in each roll pair is, at 5 
least as regards its envelope surface, made of metallic 
material, for example steel, and constitutes one of the 
electrodes during voltage testing, whereas the metallic 
foil 1 constitutes the other electrode. The other roll 9a 
and 11a, respectively, in each roll pair is, at least in a 10 
layer nearest its envelope surface, made of an electri- 
cally insulating, elastomeric material, for example rub- 
ber, whereby an approximately uniform pressure distri- 
bution across the entire width of the sheet 4 can be 
obtained. 15 

Inside the rolls 10a and 12<7, which are under voltage, 
there are arranged electric heating elements 25, rotat- 
able with the rolls, which keep the rolls hot. In this way, 
the films 2, 3 and the foil 1 are subjected not only to 2 q 
pressure and voltage during passage through the roll 
pairs, but also to heating. 

After passing through the roll pair l\a. 12a the insu- 
lating films 2, 3 are moved away from the metallic foil 
1 with the help of deflector rollers 26, 27 and 28. This 25 
makes it possible to insert repair strips 29 of insulating 
film between the films 2, 3 and the foil 1 when a possible 
insulation fault has been indicated on either side of the 
foil 1. Because the repair strips 29 are inserted from the 
side and are held in position by the film 2 or 3, other 30 
objects are prevented from entering between the films 
and the foil and there will be no problems with attach- 
ment of the strips. 

After a possible repair, the insulating films 2, 3 and 
the foil 1 are brought together again by means of a roller 35 
pair 30, 31, after which the films and the foil enter into 
an enclosed clean space 32. In order to check that no 
contamination of the films 2, 3 or the foil 1 has occurred 
after the first testing, the test is repeated in the same 
way at a second control station, which is accommo- 40 
dated in the enclosed space 32 and which, in the same 
way as the first control station, comprises two roll pairs 
9b, 106 and lib, 12b. If an insulation fault is indicated 
here, the winding machine is reversed and repair is 
performed outside the clean space 32 at a location in the 
machine provided for this purpose. 

What is claimed is: 

1. A method of controlling the manufacture of a 
winding for an inductive apparatus, which winding is of 5Q 
the kind comprising a plurality of turns of a sheet com- 
posed of an electrically conductive metallic foil and an 
electrically insulating film on each side of said metallic 
foil, said method comprising the steps, effected during 
the winding process, of 55 
passing said metallic foil together with said insulating 
films through at least one electrode device com- 
prising at least two rolls arranged one on each side 
of said sheet and having a different voltage com- 
pared with said foil, $0 
pressing said insulating films with a certain pressure 
against said metallic foil across the entire width of 
said foil by means of said rolls, and 
checking the electrical insulation of both sides of said 
sheet by separately sensing the leakage current 65 
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which via each of said rolls passes through the 
respective insulating film. 

2. A method according to claim 1, wherein, in the 
event of said electrode device detecting an insulation 
fault, an additional electrically insulating strip of at least 
the same length as the width of said foil is applied across 
the location of the fault. 

3. A method according to claim 2, wherein said insu- 
lating strip is brought into said sheet from a side of the 
latter between said metallic foil and the respective insu- 
lating film. 

4. A method according to claim 1, claim 2 or claim 3, 
wherein said sheet is passed through a second said elec- 
trode device spaced from said one electrode device in 
the direction of travel of said sheet, to carry out a fur- 
ther testing of the insulation of both sides of said sheet 

5. Means for controlling the manufacture of a wind- 
ing for an inductive apparatus, which winding is of the 
kind comprising a plurality of turns of a sheet composed 
of an electrically conductive metallic foil and an electri- 
cally insulating film on each side of said metallic foil, 
said means comprising 

at least one electrode device having at least two rolls 

arranged one on each side of said sheet, 
means pressing at least one of said rolls against said 

sheet with a certain pressure across the entire 

width of said sheet, 
a voltage source for establishing a voltage difference 

between said rolls and said conductive metal tic foil, 
members for sensing a leakage current, if any, which 

via each of said rolls passes through the respective 

insulating film, and 
members for temporarily interrupting the winding 

process to enable strengthening of the insulation if 

the leakage current exceeds a predetermined value. 

6. Means according to claim 5, in which said elec- 
trode device comprises two roll pairs, each having two 
rolls which are pressed in a direction towards each 
other, one of the rolls in each roll pair consisting of a 
roll to which voltage is applied, the other roll in the 
respective roll pair, at least in a layer nearest its enve- 
lope surface, consisting of an elastomeric, electrically 
insulating material. 

7. Means according to claim 5 or claim 6, wherein one 
roll in each of the roll pairs is relatively flexible in the 
radial direction but has a hard surface, and wherein a 
plurality of coaxially arranged short supporting rollers 
are pressed against said one roll to urge the latter into 
contact with said sheet with a pressure which is substan- 
tially uniform in the longitudinal direction of said one 
roll. 

8. Means according to claim 5 or claim 6, comprising 
two of said electrode devices spaced apart from one 
another along the path of travel of said sheet, whereby 
strengthening of the insulation of the sheet may be per- 
formed along the sheet path between the two electrode 
devices. 

9. Means according to claim 5 or claim 6, wherein 
said at least one electrode device comprises members 
for heating said insulating films as said sheet passes 
through the rolls of the electrode device. 

10. Means according to claim 9, wherein said heating 
members comprise electric heating elements which are 
accommodated within at least one of said rolls. 
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